Introduction
Enterobacteriaceae with a variety of metabolic defects are sometimes isolated from patients with urinary tract infections. These strains are most often seen in the elderly who have chronic diseases, in patients with structural abnormalities of the urinary tract (Gillespie, 1952; Borderon and Horodniceanu, 1978) or in those who have received co-trimoxazole therapy (Tapsall et al., 1974) .
Gillespie (1 952) isolated and characterised strains with defects in sulphur metabolism that could be corrected, at least partially, by the provision of exogeneous cysteine and other sulphurcontaining compounds. Most of these urinary isolates were Escherichia coli and similar organisms have been recovered subsequently from blood cultures and wound abscesses (Tapsall and McIver, 1986) . Gillespie (1952) also described one strain of "Bact. aerogenes" in his study of cysteine-requiring urinary isolates.
Although cystine-supplemented media are available to facilitate the isolation of these organisms (Mackey and Sandys, 1966; Bevis, 1968) , a number of problems still exist with regard to the isolation, identification and susceptibility testing of cysteine- Received 2 Nov. 1987; accepted 22 Dec. 1987. requiring E. coli. We report seven cases of urinary tract infection caused by cysteine-requiring klebsiellae and discuss difficulties peculiar to their isolation and characterisation. Experiments designed to define further the metabolic defects, and the requirement for cysteine of these strains, are also described. Additionally, the toxic effects of higher concentrations of this amino acid were examined and the results compared with those previously obtained with auxotrophic E. coli under similar conditions (McIver and Tapsall, 1987) .
Materials and methods

Bacteriological methods
The organisms were isolated from urine on MacConkey agar (Oxoid) and growth quantified by the filter paper method of Leigh and Williams (1964) . The requirement for cysteine was shown on Sensitest Agar (Oxoid) by demonstrating growth only around a paper disk saturated with 0.63 mM L-cysteine hydrochloride (Sigma) (Tapsall and McIver, 1986) . The isolates were identified by the methods of Cowan (1974) with conventional bacteriological identification media (Oxoid or Difco) and by the Analytical Profile Index 20E (API systems, La Balme les Grottes, France). Antibiotic susceptibility tests were performed by a modification of the calibrated dichotomous sensitivity (CDS) method (Bell, 1975) on Sensitest Agar. The inocula were prepared in physiological saline (sensitivity and conventional identification tests) or sterile water (API system) with and without a supplement of Lcysteine HC1 100 mg/L (0.63 mM).
The phenotypes of the isolates were assigned according to their response to intermediates of the sulphate assimilatory pathway (Jones-Mortimer, 1968) by methods previously described for cysteine-requiring E. coli (Tapsall and McIver, 1986) . Briefly, a suspension of the organism was prepared from an overnight culture in minimal medium (Pasternak, 1962) containing 0.63 mM L-cysteine HCl. After washing, this suspension was adjusted to 104cfu/ml as determined by surface viable counts (Miles et al., 1938) . A volume of 0.025 ml of this suspension was then inoculated by means of a Steers-type replicating device on to minimal agar medium with and without sodium sulphate, cysteine sulphinic acid, sodium sulphide or L-cysteine HCl in concentrations previously described (Tapsall and McIver, 1986) . The inoculated media were incubated aerobically for up to 3 days at 37°C and examined daily for growth.
The cysteine requirements of three auxotrophic strains were determined in a chemically defined medium (Davis and Mingioli, 1950) by methods previously described (McIver and Tapsall, 1987) . Briefly, the organisms were grown overnight in defined broth supplemented with 0.63 mM L-cysteine HCl; the cultures were then centrifuged and washed three times in physiological saline and inoculated into 2.5 ml of defined broth to give an initial optical density (OD) at 640 nm of 0.05 in a Spectronic 20 spectrophotometer (Milton Roy, Rochester, NY, USA). The inoculated broths were incubated at 37°C in a shaking waterbath. The specific growth rates, length of lag phase and growth yield were calculated from growth curves constructed from OD readings taken at intervals of 30 min until the cultures reached stationary phase (Nagy et al., 1969) . The OD readings were related to surface viable counts (Miles et al., 1938) . Solutions of cysteine were freshly prepared, filtered and added to the medium immediately before each experiment and the pH of all media was adjusted to 7.0 before use. All experiments were performed in duplicate and repeated twice. The prototrophic strain Klebsiella pneumoniae ATCC 12657 was used as a control.
Results
The clinical features of the seven patients with urinary tract infections caused by cysteine-requiring isolates of Klebsiella are shown in table 1.
The seven isolates grew poorly on MacConkey agar, producing small mucoid colonies c. 1.0 mm in diameter. On medium supplemented with 0-63 mM cysteine, the colony size of the auxotrophs increased to about 3-0mm in diameter and the.typica1 morphological features of prototrophic strains of the genus were clearly recognisable. All strains were shown to be auxotrophic for cysteine by the paper disk method.
The organisms could not be identified by conventional techniques in the absence of cysteine supplementation. All seven strains failed to grow optimally in media used to test for lysine decarboxylase (Difco), for urease activity and for citrate utilisation (Oxoid). With the API 20E identification system, the strains failed to show a requirement for citrate and the Voges-Proskauer reactions were negative. Additionally, pH changes were slow to appear in the carbohydrate utilisation tests. Although some isolates were identified as "Klebsiella spp." in this 
system, four strains produced profile numbers which did not allow identification. Growth in both systems was enhanced when the inocula were prepared in solutions supplemented with 0.63 mM L-cysteine HC1. By this procedure, six of the seven auxotrophs were identified as K . aerogenes ( K . pneumoniae-sensu lato) by the methods of Cowan (1974) and as K . pneumoniae by the API system. The other strain was identified by the methods of Cowan (1974) as K . ozaenae, and by the API profile number as an unspeciated member of the genus Klebsiella.
None of the seven strains grew on Sensitest Agar when the inoculum was prepared in saline but when the saline suspensions were supplemented with cysteine HCl, the organisms grew well. The sensitivities of the organisms to six antimicrobial agents tested by the CDS method (Bell, 1975) are shown in table 11. One strain was resistant to all six agents; additional tests showed it to be resistant also to tobramycin and kanamycin but sensitive to amikacin, netilmicin, cefotaxime and to the combination of amoxycillin and clavulanic acid.
All strains grew in minimal medium supplemented with cysteine sulphinic acid, sodium sulphide or cysteine, but not on unsupplemented medium or in the presence of sodium sulphate. The effects of increasing concentrations of cysteine on growth yield and specific growth rate are shown in the figure. The three auxotrophs tested each produced a similar growth curve in response to increasing levels of cysteine. The strains failed to grow in cysteine-deficient broth, but growth yields improved as the cysteine concentration was increased to 20 mg/L (0.13 mM). Above this concentration, up to a level of 1-27 mM cysteine (200 mg/L), similar growth yields were observed for each strain.
There were noticeable differences between the auxotrophic strains and the prototrophic control with regard to the specific growth rate at cysteine concentrations in the range 20-300 mg/L (0-13-1.90 mM). With the auxotrophic strains there was a gradual increase in the specific growth rate as the concentration was increased, but there was no concomitant alteration in the growth yield. In contrast, the specific growth rate of the prototrophic control was similar at all concentrations of cysteine up to 300mg/L, also with no marked changes in the growth yield. The specific growth rate and growth yield of all strains decreased slightly at concentrations of cysteine above 400 mg/L. The lag phase of all strains was slightly increased at cysteine concentrations in the range 20-300 mg/L but was reduced in the presence of higher levels of the amino acid.
Discussion
The only previous report of the isolation of cysteine-requiring Klebsiella was that of Gillespie (1952) who found a strain that "resembled Bact. aerogenes" in the urine of an elderly male patient. Only a limited amount of information on the strain was provided in this report, which dealt principally with cysteine-requiring E. coli. It was noted that auxotrophic E. coli were isolated most commonly from elderly patients with chronic renal tract problems. Six of the seven infections caused by cysteine-requiring klebsiellae which we report were also in elderly patients with chronic renal problems. One younger patient was aged 28 years at the time of her infection; she suffered from long-standing reflux nephropathy and renal scarring was reported on intravenous pyelography.
The seven strains described here exhibited six different sensitivity patterns when tested against a standard set of six urinary antimicrobial agents. * Identification of isolates according to Cowan (1974) . Several of the auxotrophs appeared to be more resistant to antibiotics than other klebsiellae isolated from the urinary tract over the same period and this may reflect repeated exposure to antimicrobial agents in chronically infected patients. A number of problems arise in testing the sensitivity of auxotrophic strains in vitro. Not all media will fully support the growth of these strains and the presence of cysteine may affect the action of some antibiotics. Nonetheless antibiotic therapy based on the results of the in-vitro sensitivity tests appeared to be successful in most cases described here. One exception was patient 5 who responded clinically and bacteriologically to co-trimoxazole therapy, although the organism appeared to be resistant to this combination in uitro. Cysteine-requiring strains represented about 1.2% of all isolates of Klebsiella over the period in which they were identified. This figure is similar to that given for the isolation of cysteine-requiring E. coli (1 -5% of isolates of this species) in the study of Borderon and Horodniceanu (1 978) and indicates that factors responsible for the selection of cysteine auxotrophs in the urinary tract are not restricted to a single genus. This point is further emphasised by the finding that the defect in sulphur metabolism in the Klebsiella strains is similar to that defined previously in naturally occurring cysteine-requiring E. coli (McIver and Tapsall, 1987) in that the auxotrophic E. coli and Klebsiella both lack the ability to reduce sulphate to sulphite. This defect imposes a requirement for an exogenous source of suitable sulphur-containing compounds; cysteine and its oxidation product cystine, if present, provide "end product rescue" for the auxotrophs. These compounds have been shown to be present in the urine of fasting patients at concentrations of 2-4 mg/L (16.5-33.0 p~) and 10-15 mg/L (41.6-62.4 p~) respectively (Brigham et al., 1960) .
The relative lack of reports of cysteine-requiring klebsiellae in comparison to auxotrophic E. coli may arise from the much higher rate of isolation of E. coli from the urinary tract. Moreover, these
